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An organic nonlinear optical substance having the formula 

* l =CH -h-CH = C — C - B (I) 
CN O 

wherein R 1 represents -H or -CH3; 
n is 0, 1. or 2; 
A represents Z 1 -Ar, 



3\ 



Z — Ar-, -R- 6 - , or (Z 

z 4 / 



- 5 )r-f 



c - c 



X 

wherein Af_represents a 6 - 14 mzmtemU&osnm^9rw 
i ncluding a heteroc yclic ring or bisphenyfene type ring- 2}_ 
representsJ+^RSRB^ R 7 0 . R e S -, nc-, R 9 OCO- R™c6"0- 
O2N-, RitRi2N0C, R«CO(R")N-. or R«-; Z?,_Z3.„and„Zl. 
independently represent a Ct-Ce alkyl-, R t6 0-. R"Ri«N, 
R 1fl S-. O2N-, or two R 1 * being, in combination, R 20 CH ; R* 
represents H- or a C1-C12 alkyl: R s to R20 independently 
represent H-, or a C1-C10 hydrocarbon residue; Z 5 independ- 



ently represents H-, a Ci-Ce saturated hydrocarbon residue, 
0 2 N- t R210-, R22S-. NC-, or R23r2<n- wherein R21 to R2 4 
independently represent H or a Ci-Ge saturated hydrocarbon 
residue; X represents -S-, -O-, or >NR 2 «; r is 0 or an integer 
of 1 to 3; and R 28 represents H or a hydrocarbon group having 1 
to 8 carbon atoms; 

. R . r e pr e sents -PH.- Amine* where Amine* represents an 
optically active amine; -OR3 where R3 represents a C12-C25 
linear hydrocarbon residue; -NR 4 Y where R 4 represents -H or a 
single bond; Y represents -f CH 2 -f p CQ 1 Q 2 Q 3 where p is 0 or 
1; Q 1 , Q 2 , and Q3 are different and represent -H, a C1-C5 alkyl. 
phenyl, naphthyl, -OH, -CH2OH, -COOR 25 , -CNR 26 R 27 , a 
residue of an a-amino acid from which an amino group is 
removed, where to independently represent -H or -Ci-Ca 
hydrocarbon residue; or -CQ 4 Q 5 Q 6 where Q\ Q 5 and Q 6 are 
different and Q 4 and Q 5 are as defined forQ 1 , Q 2 and Q 3 and Q 6 
represent -f CH2 -J- q of which one bond is linked to the bond of 
R 4 where q an integer of 1 to 4. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

conjugated aromat.c carboxylic acid compound with an optically acfive amine * ^ ° f * 

2. Description of the Related Art 

Photoelectr/^d^uch as ^ * ^ 8 *^ 

wateien^ of convey the 

kind of wavelength into a \W^ S^ndt T^I^T a ^ Ua ^ V ! h ' Ch OOIWerts a n 9 ht with 
contrary generates alight wifhon^Wnd If ^It^^^l^V^^ light mbdn 9 «» the 
various characteristics^a^^^ 

memory In optical data/information orocessinn or surh f^^f USe M an opt,cal switch - °P*»L 

etc. to be used in optical ^na^Ss 9 " ^ 35 ° Pt ' Ca ' biStable element - "P** s "«<*. 

desired optical element be^se of S S ^ X difficulty ls entered in forming a 

apSicltro^ crested in 

_ electroapotorizaWon, where^I qSS' C i? °" the , .. 

and reported in the art. For example a larae nlhH^ ^ reSp ° nSe speed te 9 reat - as confirmed 
Vol. 233. 1983). The secondar^crS^ ^Ki iSSXSSXS SEEL Ik" ACS SymP ° SiUm SerieS 
is a third rank tensor, cannot be evoked H ' I 1 . b ? d . ealt wth ,n tne Dresent invention, which 
reason, in the case of oS ^maSlfeJen £T 6X ' StS h the molecular * the ^ stel - this 

effect at molecular level Xy miTb^ 

generation as the pra«?caK for usin 9 *• s ^ond harmonic 

wil. be frequently tanned prSerenS^^ inversion symmetrical structure 

effect as an optical el«ii«n!n^ , | ^Ste d 3,B " M *" d Pr ° b ' ern ** a """^ 

SUMMARY OF THE INVENTION 

S^SSS'iS S °' Ve ^ ^r^ 0 ^ probtems o f *• Prior art 
increased second harmonic aX a hih ^ 0ptical elements - ™« «»*«0 an 

symmetry. — ~— „ —my. * n.gn moiecuiar polarizing ability, and having no inversion 

jsszssz txzszzsr^ tr^ztsr*? compound 

elements. y lequirea ror a matenai for forming vanous optical signal processing 

x s^x rnir„«o7ri inventi ^ r be <w ~ ^ *• ,o "°^ 

e formula (I): P ,nvent '° n . there .s prov.ded an organic nonlinear optical substance having 



the formula (I): 

A^CR^CH-^CH - C - C - B ( I ) 

55 CN O 

wherein Ri represents -H or -CH 3 - 
n is 0, 1, or 2: 



A represents 2 1 -Ar, 
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R2 , or „Sj_^ 



X 
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wherein Ar represents a 6 - U membered aromatic group including a heterocyclic ring or bisphenylene type 
ring; Z* represents H-, R5R6 N -, R 7 0 -, rb S - NO, IPOCO-. R 1 <>COO-, 0 2 N-, R 11 R 12 NOC-, R 13 C0(R1 4 )N- or 
R 15 -; Z 2 . Z 3 , and Z 4 independently represent H-.aCi-Ca alkyl-, R 16 0-, R 17 R 1B N-, R 19 S-, 0 2 N-, or two 
being, in combination, R 2 <>CH ; R 2 represents H- oraCi-Ci 2 alkyl; R« to R 20 independently represent H- or a 
C1-C10 hydrocarbon residue; Z 5 independently represents H-, a Ci-C 8 saturated hydrocarbon residue 62N- 
R2iO-, R^S-, NO, or R23R24 N _ t where i n R21 toR* 4 independently represent H or a Ci-C e saturated by 
hydrocarbon residue; X represents -S-, -0-, or MR 28 ; r is 0 or an integer of 1 to 3; and R 28 represents H or a 
hydrocarbon group having 1 to 8 carbon atoms; 
B represents -OH • Amine * where Amine * represents an optically active amine ; -NR 4 Y where R 4 represents -H 
or a single bond; Y represents (CH 2 ) P CQ'G 2 Q3 where p is 0 or 1 ; Q\ Q 2 . and Q3 are different and represent 
-H, a C1-C5 alkyl. phenyl, naphthyl, -OH, -CH2OH. -COOR« -CNR 26 R 27 , a residue of an a-amino acid from 
which an ammo group is removed, where R 25 to R 27 independently represent -H or -Ci-C 8 hydrocarbon 20 
residue, or -CCWQ 6 where Q 4 , Q« and Q 6 aredHerent and Q 4 and Q* are as defined for Q\ Q2 and Q3 and 
Q 6 represents -(-CH 2 -)-q of which one bond is inked to the bond of R 4 where g is an integer of 1 to 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Generally speaking, the second harmonic generating ability is greater in a longer conjugated system in 25 
which poianzation within the molecular is greater aid also contribution of the polarization is greater, but with 
elongation of the conjugated length, the absorption maximum is shifted toward the longer wavelength side 
whereby correspondence to a 1/2 wavelength of the incident light may occur. In this case, optical damage may 
occur which absorbs the second harmonic generated and changes the refractive index chemical 
denaturation, or combustion by an absorption of heat energy. Accordingly, ft is frequently disadvantageous to 30 
simply elongate the conjugated length. For example, a compound increased in molecular polarization due to 
an insertion of a carboxyl group represented by the formula (I) shown below, a group hewing a high electron 
attractabihty such as a cyano group, and further various substituents into benzene nucleus may be expected 
to have large nonlmearily as the result of shifting effect of electron arrangement within the ring, but practically 
has a structure wfth aninw^^ — 
generation of the second harmonic can not be observed. Generally speaking, it is a difficult technique to 
control the crystalline structure, particularly to form a crystal form which will collapse the symmetry center 
Accordingly, while an excellent nonlinear susceptibity may be expected to be possessed at molecular level 
most examples prove to be no longer effective as the second harmonic generating material. As the result of 
intensive studies, as shown in the present invention, by use of an optically active amine as the basic substance 40 
to introduce its optically active asymmetric structure thereof as the carboxylic acid salt, and consequently a 
structure without an inversion asymmetry center can be prepared to accomplish the present invention. As a 
consequence, the great nonlinear susceptibility at molecular level can be exhibited as such as the crystal 
structure, and this may be considered to contriwte greatly to applications in this field of the art 

To enhance the nonlinear optical effect, it is necessary to have a large dipole within one molecular structure 45 
and for this purpose, the general formula has cyano group, carboxyl group permitted to exist on the same 
carbon atom. Also, for the molecular polarizations to interfere with each other, it is desirable that a conjugated 
system exists, but an elongation of the conjugated length will result in an elongation of the absorption 
maximum to the longer wavelength side, whereby there is the possibility that the damage may be formed due 
to the incident light wavelength or the second tarmonic wavelength. For this reason, the conjugated length 50 
should not be too long. 

From the above-mentioned standpoints, it has been found that a-cyanoacrylic acid derivatives hewing a 
conjugated group are effective as an acid moiety having a conjugated system. Furthermore, the compounds 
having the formula (I) including the optically active amine salts or amides are effective for providing asymmetry 
center, as mentioned above. 



55 



According to a first embodiment of the present invention, the organic nonlinear optical substance has the 
general formula (I) wherein R1 represents H, Z* represents H-, R5R6N-, R7 0 - R8S- NC- R^OCO- 0 ? N- 
R10OOO- . R«R«NOC-. R13 C 0(R1 4 )N-, or Ris-. Ar represents an aromatic group having 5 to 14 carbon 
atoms, and B represents -OH-Amine* wherein Amine* represents an optically active amine selected from the 
group consisting of 1-<phenyl)ethylamine, 1-(a^aphthy)ethylamine, 1-phenyl-2-methylethy1amine, 1-phenyl- 60 
2-aminopropane, and brucine. 

These amines are strong bases and, therefore, easily react with carboxylic acids to form stable salts in any 
conventional method. 

. The <VttoeJly active amines may be dextrorotatory or levorotatory. Formation of the salt may be carried out 

by conventional neutralization reaction, which may be in either state of a solution or a solid phase. 65 
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existence of salt formation can be ^y confined and S TF Starti " 9 -*»*«■ wTXSK 

The optically active amine salt of the caSEZ J?* P"^*'™ can be also easily done 

1 0^2 ° ? ~ C00H <"> 

subsSdM 5 ^ cart «Wte l «*l may include: 

^^1^Z^ S SUCh 85 ^-^oprope.ic ac*. 

3fa "3 ^^^ m,n .°P hen W)-2-cyanopropenoic acid. 
3-' o dS 5riam ' n °? heny,, - 2 - Cyan °P ro P e "^ acid, 

3-(p-ethyloxypheny|)-2-cyanopropenoicacid, ' 
3- p-propyloxyphenylJ-Z-cyanopropenoic acid. 
3- p-butyioxyphenyD-2-cyanopropenolc acid. 

siSSS^^^^wP^ acid 

3- p-ethylphenyl)-2-cyanopropenoic acid. 
l"S"h,?^ hen ,r l, - 2 ^ ano P r °P e "°^ acid. 
3tot££ h ^')-2-cyanoprop e noic acid. 
3- p-pentylphenylJ-S-cyanopropenoic acid 
3" £ d^ 6 ^ 'P^^'-^yanopropenoic acid 

S-cyancS-pheny^-pentadieno? f ac fJ y^Tf'T 5 such as: 
5r a ^ ( ^ acid 
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derivatives; 

2-cyano-5-(p-methyioxyphenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-ethyloxyphenyl)-2 t 4-pentadienoic acid, 
2-cyano-5-(p-propyloxyphenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-butyloxyphenyl)-2 f 4-pentadienoic acid, 
and m-, o- substituted derivatives ther of; 

2-cyanp-5-(p-methylthiophenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-ethy!thiophenyl)-2,4-pentadienoic 5 
acid, 2-cyano-5-(p-propylthiophenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-butyKhiophenyl)-2,4-pentadienoic 
acid, and m-, o- substituted derivatives thereof; 

5-(p-cyanophenyl)-2,4-pentadienoic acid, and m-, o- substituted derivatives thereof; 

2^yano-5-(p-methyioxy(^rbonylphenyl)-2 1 4-pentadienoic acid, 2-cyano-5-(p-etriyloxycarbonyiphe- 
ny!)2,4-pentadienoic acid, 2-cyano-5-(p-propyloxycarbonyiphenyl)-2 1 4-pentadienoci acid, 2-cyano-5-(p-buty- 10 
Ioxycarbonylphenyi)-2,4-pentadienoic acid, and m-, 0- substituted derivatives thereof; 

2-cyano-5-(r>acetyloxyphenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-propionyloxyphenyt)-2,4-pentadienoic 
acid, 2-cyano-5-(p-butanoyloxyphenyi)-2 t 4-pentadienoic acid, and m-, o- substituted derivatives thereof; 

2-cyano-5-(p-nitrophenyI)-2,4-pentadienoic acid, and m- t o- substituted derivatives thereof; 

2-cyano-5-(p-dimethyiamidophenyl)-2 ( 4-pentadienoic acid, 2-cyano-6-{p-diethyiamidophenyl)-2,4-penta- 15 
dienoic acid, 

2-cyano-5-(p-dipropylamidophenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-dibutylamidophenyI)-2 1 4-pentadie- 
noic acid, 2^ano-5-(p-rnonomethylarnidophenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-amidophe- 
nyi)-2,4-pentadienoic acid, and m-, o- substituted derivatives thereof; 

2-cyano-(5-p-acetylaminophenyi)-2,4-pentadienoic acid, 2K^ano-(6^p^ropionylarniriophenyi)-2,4-penta- 20 
dienoic acid and m-, o- substituted derivatives thereof; 

2-cyano-5-(p-methyiphenyI)-2,4-pentadienoic acid, 2-cyano-5-(p-ethy|phenyl)-2,4-pentadienoic acid, 
2-cyano-5-(p-propylphenyI)-2,4-pentadienoic acid, 2-cyano-5-(p-butylphenyl)-2,4-pentadienoic acid and m-, 
o- substituted derivatives thereof; 

Substituted phenyl 2-cyano-2,4,6-heptatrienoic acid derivatives such as: 25 

2-cyano-7-pheny|-2,4,6-heptatrienoic acid, 2<yano-7-(p-dimethylarninophenyl)-2,4,6-heptatrienoic acid, 
2-cyano-7-(p-diethyiaminophenyl)-2,4 t 6-heptatrienoic acid, 2-cyano-7-(p-dipropyIaminophenyl)-2,4,6-hepta- 
trienoic acid, 

2-cyano-7-(p-dibutylaminophenyl)-2 t 4, 6-heptatrienoic acid, 2-cyano-7-(p-aminophenyi)-2 t 4,6-heptatrienoic 
acid, 2-cyano-7-(p^onomethyIarninophenyi)-2 l 4,6-heptatrienoic acid, and m-, o- substituted derivatives 30 
thereof; 

2-cyano-7-(p-methyloxyphenyQ-2 ) 4,6-heptatrienoic acid, 2-cyano-7-{p-ethyioxyphenyi)-2,4 t 6-heptatrienoic 
acid, 2-cyano-7-(p-propyioxyphenyl)-2,4 1 6-heptatrienoic acid, 2-cyano-7-(p-butyioxypneny!)-2,4 t 6-heptatrie- 
noic acid, and m- L 0- substituted derivatives^ thereof; 

2-cyano-7-(pHiiethyithiopheny^)-2,4 ( 6-heptatrienoic acid, 2-cyano-7-(p-ethytthiophenyi)-2,4,6-heptatrienoic 35 
acid, 

2-cyano-7-(p-propylthiophenyI)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-butylthiopheny0-2,4,6-heptatrienoic 
acid, and m-, o- substituted derivatives thereof; 

2-cyano-7-(p-cyanophenyl)-2 1 4,6-heptatrienoic acid, and m-, o- substituted derivatives thereof; 

2-cyano-7-(p-methy1oxycarbonyfphenyl)-2 ] 4,6-heptatrienoic acid, 40 
2-cyano-7-(p-ethyIoxycarbonylphenyi)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-propyloxycarbonyiphe- 
nyi)-2,4,6-heptatrienoic acid, 2^ano-7-(p-bu^oxyca*onylphenyl)-2,4,6-heptatrienoic acid, and m- or o- 
substituted derivatives; 

2^ano-7-(p-acetyloxyphenyl)-2,4,6-heptatrienoic acid, 2K^ano-7-(p-propionytoxyphenyl)-2 f 4,6-heptatrie- 
noic acid, 45 
2-cyano-7-(p-butanoyioxyphenyl)-2,4 ) 6-heptatrienoic acid, and the m- or o- substituted derivatives; 

2-cyano-7-(p-nitrophenyl)-2 ( 4 I S-heptatrienoic add, and. the m- or o- substituted derivatives; 

2-cyano-7-(p-dimethyiamidophenyl) -2,4,6-heptatrienoic acid, 2^ano-7-(p^iethylamidophenyl)-2,4,6-hep- 
tatrienoic acid, 2-cyano-7-(p-dipropylamidophenyl)-2,4 t 6-heptatrienoic acid, 2-cyano-7-(p-<Jibutylamidophe- 
nyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-amidophenyl)-2 1 4,6-heptatrienoic acid, 50 
2-cyano-7-(p j monornethylamidophenyi)-2,4,6-heptatrienoic acid, and the m- or o- substituted derivatives ; 

2-cyano-7-(p-methylpheny1)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-ethylphenyi)-2,4,6-heptatrienoic acid. 
2-cyano-7-(p-propyipheny1)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-butylphenyl)-2,4 t 6-heptatrienoic acid, and 
the m- or o- substituted derivatives. 

According to a second embodiment of the present invention, the organic nonlinear optical substance has 55 
the general formula (I) wherein R 1 represents H, Z 1 represents H-, R 5 R 6 N-, R 7 0-, R 8 S-, NO. O2N-, R 9 OCO-, 
R 10 COO-, R 11 R 12 NOO, R 13 CO(R 14 )N-, or R 15 -, Ar represents an aromatic group having 6 to 14 carbon 
atoms, and B represents -OH- Amine* wherein Amine* represents an optically active amine selected from the 
group consisting of 2-amino-1-butanol, 1-amino-2-propanol, 2-amino-1-propanol, 2-amino-1-(p-nitrophe- 
nyl)-1,3-propanediol, 2-dimethy1amino-1-phenyM-benzyl-1-propanol, and l-WN-dtrnemytaminoH -phenyl- 60 
propylamine. 

All of the above-mentioned amines have strong basicity and can form readily stable salts with carboxytic 
acids. Formation of the salt may be carried out by conventional neutralization reaction, which may be in either 
state of a solution of a solid phase. For maintaining the purity of the optical activity, it is not preferable to carry 
out the reaction at too high a temperature, but it is desirable to contrive to inhibit heat generation during salt €5 
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Sgm^ h so,ub„.ty to a great xtent from the 

also easily done. existence of salt formation can be easily confirmed and its purification can be 

solution, which canbe then apSi^tXro222S£? r "? ?!?" ina f0n " 83 Such or 38 a «°2 
this embodiment obtained from the ab^n^^m^^^^h 1 ^ Carb ° Xy "' C add amine 53,18 * 
against laser light. mentioned amines especially exhibit excellent damage resistance 

formu e |a ^ OXy "' C 3Cid m ° iety « be *»" carboxylic acids having the above-mentioned genera, 

Sene^f^^ 



7 2 

3^ 

Z 3 - x Ar 
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wherein one of Z^Z 3 , and Z 4 reorespntc m a «w «^ • ^ . 

R ,7 R 18 N-, R«S, or d 2 N. Ar re^eSS ^^^ J ^T^ n ^ nM Ri«0- 
residue of an optically active SSS^ZSXX^ ^ 6t ° 14 Carbon atoms »* B representsa 
panol. 2-amino-1-propanol 2Wni 1-amino-2-pro- 
1-propano., and 1 V^nS^ 2-dimethy.amino-l-phenyM^Si- 
Jhe cabox^ic acid amine salts of this embodiment also exhibit excellent damage resistance against fcser 

aio c ^ Tlecular p.,^ occure „ 

which will make such influences effSJj Sni^^ 

exhibition of the nonlinear optical TSSS^SSSi^ £ ZZ?" J* 0 **' Md ™ S conWb **s greatly to 
mutually so as to give the synerScTffe* ^^^^ 8hou,d be desirabl V elected 

which a plurality of ether groups thioether arouoT TS^ 1 P rt B deS,rable to use a carboxylic acid in 
group are mutuaHy substLeS a^^ potion as the e.ectrpn donating 

attracting groups will exhibit a donating fanS^T^SSSESS 8Ubs,, f uted P osttfo ". electron 
by the following structure (III). aoove-mentioned carboxylic acids can be represented 



Z 2 

3\ 

40 Z 4 / AX ~ i ~ CH = ^-^CH = C - COOH (Hi) 
2 0-2 CN 



45 



SO 
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Examples of such carboxylic add include 
P>Uhe^ 

nyl)-2-cyanopro P enoic acid. 3-(J%ro^ 

nyl)-2-cyam ) propenoicacid.3-(3.^hS P hS 3Cid ' ^^imethylmiophe- 

anopropenoic acid. S-tM-dimethylmSnvn P S^ no P ro P e ™c acd. 3-(3.4-dipropylthiophenyl)-2V 
noic acid. 3-(2.4-diproUhiop^ ^iemoxyphe^-Z^yanSpropl 
acid. S-CS.^diethylaminophenyO^yan^-propSc acM tg^^l^^-^^^Penoic 
acd. 3-(2.4-dimethvlphenyl)-l4 ra nSro P enoTc ac d 3 ^ ^^f ro ^ no ^^^oprop 6 n 0 \ c 
3 -<2.4^i P ropyfaminophenyl)-2-cW^^ a «=id. 
trophenyl^-cyanopropeno c acid. 5-Ki me To^ acid - 3-(2.4-dini- 

pheny!}-2-cyano-2.4.pemadienoic acid s ST ^ 2 ' Cyano ' 2 ' 4 -' )entadien «<! acid. 5-(3,4-diethoxy- 
methy,thio P nenyl,^ 

5-(2.4-dipropy.mio P henyl,-2^ a no-2.4^ e n^ acid. 
no.c acid. 5-(3,4Kiiethylthtopheny)-2™ 

2,4-pentadienoic acid, M2^SttjK^££^ ac,d - ^^^opy'thiophenyD^-cyano- 
nyl)-2-cyano-2.4-pentadienoic acid. ^SS^^iT^^ 0 acid ' ^^iethylthiophe- 
phenyl)-2-cyano-2.4-pentadienoic acid tffitt 5-(3.4-dinitro- 
oxj ? h e nyl)-2^yano-2.4.6^exatrienoic acid I ytS^^ 1 ' 6 "** NS.-Wimeth- 
7-(3,4-dipropyIoxyph nyl)-2-cyano-2 JJ^^^J^' 2 ' 0 ^ 2 ' 4 ' 6 - h xatrienoic acid, 

noic acid. 7-(2.Tdiethy.m^ 

2.4.6-hexatrienoic acid. /-(S.ldimethSphe'rtl^aT^ 4 nT\ 7 -^iP~Pylthiophenyl). 2< yano- 

y mopnenyl) 2-cyano-2.4.6-hexatr.enoic acid. 7-(3.4-diethytthiophe- 
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nyl)-2-cyano-2,4,6-hexatrienoic acid, e-fa^-dipropytthiophenyll^-cyan^^.S-hexatrienoic acid, 6-(3,4-dini- 
trophenyO^-cyano^Ae-hexatrienoic acid, 7-(2,4-dmitrophenyl)-2-cyano-2,4 f 6-hexatrienoic acid and the like. 
The mutual position of the double bonds of these conjugated carboxylic acids should be preferably trans-form, 
to obtain a stable structure and also for exhibiting the nonlinear optical effect but is not limited thereto. 

The organic substance of the present invention is obtained as a solid with a crystalline structure not having 
an inversion symmetrical center according to the constitution as described above, and an excellent nonlinear 
susceptibility at the molecular level is exhibited as such also in the crystalline structure, thus exhibiting an 
excellent nonlinear optical effect such as a generation of the second harmonic at a high level, and therefore, 
this substance can be utilized for forming an optical signal processing element. 

According to a fourth embodiment of the present invention, the organic nonlinear optical substance has the 
general formula (I) wherein R 1 represents H, A represents 



wherein one of Z 2 , Z 3 and Z 4 represents H- and the remainder independently represents C1-C10 aikyl, R 16 0, 
R 17 R 18 N-, R 19 S, or O2N-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B represents a 
residue of an optically active amine selected from the group ethyl consisting of 1-(phenyl)ethy1amine, 

1- {a-naphthyl)ethylamine, 1-phenyt-2-methy1ethyiannine, 1-pheny!-2-aminopropane, and brucine. 

The optically active amine salt of the carboxylic acid thus obtained assumes a crystalline state, having 
excellent moldability, and can be formed into various elements under the crystalline form as such or as a solid 
solution, which can be then applied to the nonlinear optical application field. The organic nonlinear optical 
substances according to the first embodiment of the present invention have 'an extremely large second 
harmonic ability. 

The carboxylic acid moiety of this compound can be preferably derived from the carboxylic acids having the 
structure (III). 

According to a fifth embodiment of the present invention, the organic nonlinear optical substance has the 
general formula (I) wherein R 1 represents H, A represents Z 1 Ar-, Z 1 represents H-, R 5 R 6 N-, R 7 CK R e S- t NC-, 
O2N-, R 9 OCO-, R 10 COO, R 11 R12noC-, R 13 CO(R 14 )N-, or R 15 -, Ar represents an aromatic ring having 6 to 14 
carbon atoms, and B represents -NR 4 Y. 

The moiety -NR 4 Y includes, for example, a-chiral substituted primary alkylamines (i.e., p=o) having 4 to 20 
carbon atoms such as 1 -(methyl) propylamine, 1-(ethyl)propylami"ne, 1 -(methyl) butylamine, 1 -(methyl jpenty- 
lamine, 1-(pheny)lethylamine, l-Ja-naphthyOethyiamine, and l-(hydroxymethyl) propylamine; p-chiral sub- 
stituted primary alkylamines (i.e., p = 1) having 4 to 20 carbon atoms such as 2-(methyl) butylamine, 

2- (methy!)pentylamine, 2-phenytpropylamine, 2-(a-naphthyl)propylamine, and 2-(hydroxybuty)lamine; proli- 
nole; amino acid derivatives having 3 to 20 carbon atoms such as alky! esters (e.g., methyl esters and ethyl 
esters) of a-amino acids, a-amino acid amides, a-amino acid anilides, or peptides derived from the same or 
different a-amino acids. It should be noted, however, that the presence of a carboxyl group as an acid is not 
preferable from the reaction standpoints. Examples of the typical optically active (either dextrorotatory or 
levorotatory) amino acids, usable in the present invention are alanine, leucine, isoleucine, ethionine, cysteine, 
serine, tyrosine, tryptophan, threonine, norvaline, norieucine, valine, histidine, phenylalanine, a-phenyigtycine t 
methionine, and proline; monoamino dicarboxyiic acids and carboamides such as aspartic acid, glutamic acid, 
asparagine, and glutamine; and diaminomonocarboxyfic acids such as arginine, lysine, ornithine, canavanine, 
and hydroxylysine. 

The carboxylic acid moiety of this compound can be preferably derived from the carboxylic acids hewing the 
structure (II). 

According to further embodiments of the present invention, the organic nonlinear optical substances have 
the following general formula (1): 

0) R 1 represents H-, A represents Z 1 -Ar-, Z 1 represents R S R 6 N-, R 7 0-, R 8 S-, NC. R 9 OCO- t R 10 COO- ( 
R 11 R 12 NOC, R 13 CO(R 14 )N-, or R 15 t Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents -OH - Amine* wherein Amine* represents an optically active a-amino acid or the derivative thereof, 
which can include those as mentioned above. 

(ii) R 1 represents H, A represents 



where one of Z 2 , Z 3 , and Z 4 represents H or substituted Ci-Ce aikyl, the remainder of Z 2 . Z 3 and Z 4 represents 
together methylene dioxy group wh rein the dioxy groups are bonded to the adjacent positions of Ar, Ar 
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represents an aromatic group havha r tn -\a * 

represents an optically 9 J^T^^^STSi *" 8 wnerein Amine- 

1-(a-naphthyl)ethylamine. 1-phernS!nlSS2JS , 9 rou P listing of 1-(phenyl> JhVaTne 

1-amino-2- P ropano(, 2*™no£ P ropanS bruc «'" e uKS' 

nyl-1-benryM-propanol. WN/dimTyi^ di °'.2-dim thylamino-S- 

represented ^0^°^: ^ ^ BcnlB - r ^ «*«"»•. of this embodiment can be 



/0 



Z 2 



\ 

/O-Ar-f-CH = CH C H = C - COOH (IV) 

,5 CH 2-° °~ 2 <^N 
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H ^ CH ^/ R ' " « +r.f " C - COOH (V) 

CN 

8SK5T— «• '^'^^^^^^rT^I^ 
^^^^^ 

(iv) R 1 represents H. A represents 



60 C - C 
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and B represents -OH* Amine* wherein Amine* represents an optically active amine selected from the group 
consisting of 1 -(phenyl) ethylamine, 1-(a-naphthy1)ethy1amine. l-phenyi-2-methylethylamine, 1-phenyl-2-ami- 
nopropane, brucine, 2-amino-1-butanol, 1-amino-2-propanoi, 2-amino-1-propanol, 2-amino-1-(p-nitrophe- 
nyl)-1,3-propanediol, 2-dimethylamino-l-phenyM-benzyM-propanol, and 1-(N,N-dimethylamino)-1 -phenyl- 
propylamine; or -NR 4 Y. 

The carboxylic acids forming the organic nonlinear optical substanc s of this embodiment can be 
represented by the formula (VI): 



( z 5 -) [f 4U- CH = CH -} CH = C-COOH (VI) 

0-3 0-2 « * 

CN 



Synthetic Example 1 



10 



Examples of such carboxylic acid may include, for example, 3-(5-membered ring derivatives with hetero 
atoms) substituted 2-cyanopropenoic acids such as 75 

3-(3-thienyl)-2-cyanopropenoic acid, 3-(2-thienyl) -2-cyanopropenoic acid, 3-(2-pyrrolyl)-2-cyanopropenoic 
acid, 3-(3-pyrrolyl) -2-cyanopropenoic acid, 3-(2-furyI) -2-cyanopropenoic acid, 3-(3-furyl) -2-cyanopropenoic 
acid, 3-(2-indolyl)-2-cyanopropenoic acid, 3-(3-indoiyl)-2-cyanopropenoic acid, 3-(N-methyl 2-pyrroIyl)-2-cya- 
nopropenoic acid. 3-(N-methyl 3-pyrrolyl)-2cyanopropenoic acid, 3-(N-ethyl 2-pyrrolyl)-2-cyanopropenoic 
acid, 3-(N-ethyl 3-pyrroly) -2-cyanopropenoic acid, 3-(N-n-butyl 2-pyrrolyl)-2-cyanopropenoic acid, 3-(N-n- 20 
butyl 3-pyrrolyl)-2-cyanopropenoic acid, 3-(5-nitro 2-furyl)-2-cyanopropenoic acid, 3-(5-nitro 3-furyl) -2-cyano- 
propenoic acid, 3-(5-nitro 3-thienyl)-2-cyanopropenoic acid, 3-(5-nitro 2-thlenyl)-2-cyanopropenoic acid, 
3-(5-chloro 3-indoiyl)-2-cyanopropenoic acid; 

5-(5-membered ring derivatives with hetero atoms) substituted 2-cyano-2,4-pentadienoic acids such as 

2- cyano-5-(3-thienyl)-2 t 4-pentadienoic acid, 2-cyano-5-(2-thienyI)-2,4-pentadienotc acid, 2-cyano-5-(2-pyrro- 25 
lyl)-2,4-pentadienoic acid, 2-cyano-5-(3-pyrrolyl)-2,4-pentadienoic acid. 2-cyano-5-(2-furyl)-2,4-pentadienoic 

acid, 2-cyano-5-(3-furyl)-2,4-pentadienoic acid, 2-cyano-5-(2-indolyl)-2,4-pentadienoic acid, 2-cyano-5-(3-in- 
dolyl)-2,4-pentadienoic acid, 2-cyano-5-(N-menthyl 2-pyrrolyl)-2 t 4-pentadienoic acid, 2-cyano-5-(N-rnethyl 

3- pyrrolyl)-2,4-pentadienoic acid, 2-cyano-5-(N-ethyl 2-pyrrotyl)-2,4-pentadienoic acid, 2-cyano-5-(N-ethyl 
3-pyrrotyl)-2,4-pentadienoic acid, 2-cyano-5-(N-n-butyl 2-pyrrolyl)-2,4-pentadienoic acid, 2-cyano-5-(N-n-buty! 30 
3-pyrrolyl)-2,4-pentadlenoic acid, 2-cyaho-5-(5-nitro 2-furyl)-2,4-pentadienoic acid, 2-cyano-5-(5-nitro 
3-furyI)-2,4-pentadienoic acid, 2-cyano-5-(5-nitro 2-thienyl)-2,4-pentadienoic acid, 2-cyano-5-(5-nitro 3-thie- 
nyl)-2,4-pentadienoic acid, 2-cyano-5-(5-chloro 2-indolyl)-2,4-pentadienoic acid, 

5-(5-membered ring derivatives with hetero atoms) substituted 2-cyano-2,4,6-heptatrienoic acids such as 
2-cyano-7-(3-thienyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(2-thienyl)-2,4 t 6-heptatrienoic acid, 2-cyano- 35 
7-(2-pyrroiyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(3-pyrrolyl)-2,4,6-heptatrienoic acid, 2-cyano- 
7-(2-furyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(3-furyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(2-indo- 
lyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(3-furyl)-2 f 4 1 6-heptatriaenoic acid, 2-cyano-7-(2-indolyl)-2 ( 4,6-hepta- 
trienoic acid, 2-cyano-7-(3-indolyl)-2 J 4 I 6-heptatrienoic acid, 2-cyano-7-(N-methyl 2-pyrrolyl)-2,4,6-heptatrie- 
noic acid, 2-cyano-7-(N-methyl 3-pyrrolyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(N-ethyt 2-pyrrolyl)-2,4,6-hepta- 40 
trienoic acid, 2-cyano-7-(N-ethyi S-pyrrolyiJ^^.S-heptatrienoic acid, 2-cyano-7-(N-n-buty! 2-pyrro- 
lyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(N-n-butyl S-pyrrolyl^Ae-heptatrienoic acid, 2-cyano-7-(5-nrtro 
2-furyl)-2,4,6-heptatrienoic acid. 2-cyano-7-(5-nitro 3-furyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(5-nitro 2-thie- 
nyl)-2,4,6-hexatrienoic acid, 2-cyano-7-(5-nitro 3-thienyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(5-chloro 2-tndo- 
!yl)-2,4,6-heptatrienoic acid. 45 

EXAMPLE 

The present invention will now be further illustrated by, but is by no means limited to, the following 
Examples. 



50 



Synthesis of 2-cyano-5-(4-dimethylaminophenyl)-2,4-pentadienoic acid (1) 

To 100 mi of an aqueous solution of 2.55 g of sodium hydroxide 5.97 g of methyl cyanoacetate was added, 
and further 9.55 g of p-dimethylaminocinnamoyl aldehyde was added under stirring, followed by heating to 55 
85° C with continuous stirring for 40 hours. After completion of the reaction, 50 ml of 12 N hydrochloric acid 
was added, and a solid was recovered. The solid was subjected to recrystallizatioh from methanol, repeated 
twice, to give 6.38 g of the desired product, m.p. 218 - 219° C. The elemental analysis of C 68.40%, H 5.88<Vo, N 
11.30Ab coincided well with the calculated values of C 69.36<>A), H 5.840/o, N 11.56<Vb. IR absorption spectrum: 
presence of CN group at 2216 cm -1 , COOH group at 1673 cm' 1 , benzene ring and conjugate double bond at 60 
1615, 1586, and 1551 cm -1 being recognized. In NMR spectrum, absorption by methyl group was r cognized at 
3.08 ppm, and AB type absorption based on benzene ring at 6.80 and 7.60 ppm. Xmax was found to be 440 nm. 
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Synthesis Example 2 

Synthesis of 2-cyano-3-(4-dim e thvi aminophenv»-2-D mn ft no.. acid fa 

sohd was repeated twice to recrystallize from a mIZ„S! ^ to obtain the precipitates. The resultant 
NMR spectrum: methyl group atS'p^ SLS£S£^^ * ^ 'J"? * 

-CH - group at 8.25 ppm nng at 6 84 " 6 82 PP m a "d 7.93 - 7.95 pprn, and 

Yield: 370/ 0 
m.p.: 226 - 228° C 

t!ZTl^£?™°- " N ^c. C 66,40/c. H 5.60%. N ^ 

Synthesis Example 3 

P-methoxycinnamic aldehyde tS£E^S2^<?£- &<ampte 1 «* «** g of 

and phosphorus trichloride according to a Shod die o^ed h j^^S ° bt ? ed * om P^»oxystyr!ne 
sodium hydroxide and 1 1 .3 g of methyl cyanoa^tate Th™ " Soc - 25- 3209 (1956). 4.8 g of 
needles having a melting |oint of S^STSSi oS ? U ° tWaS rec ^ ste »^ Methanol to obtain^J 

SSKJS^^^ ^~ne C 68 - 100/0 ' " N — ) 

7.09. 759 and 8.06 ppm. ^ d0Ub ' et benzane r,n 9 aro «™' 7-02 - 7.64 ppm. and -CH= group at 

i ITIOV Irs »iL I . 
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/jnax in ethanol: 372 nm 
Synthesis Example 4 



35 



40 



Elemental analysis: C 61.01%. H 3.210/0. N 657% (Cata C ^1£o/« TS P ° int of 233 ° C - 

Infrared spectrum: Absorption by -CNata wav^nU ~J^oX. ^ 0< H 3 - 26 ° /o - N 6 - 45<Vo ) 
at 1575 cm-i and 1293 cm-i i * 8 WaVe,en ^° f ^ 4cm - , -^0-«1677cm-i. conjugated system 

aTd^T^ 
Synthesis Example 

ob«i„ 1U4 9 of •» desired "*' "** rep «"« <1 <° ™«yst*fce from ettanoffo 

SSa^^^^^ gg. C 61,9,0. H 4.760.. N 6 .01%, 

NMR 1 tltZ:.^ PreS6nCe -^SSSSi^S 9r ° UP ^ 1716 Cm "' ri " 9 « 1596 ' 1573 - 
55 pf^JfSfiS X methV ' 9rOUP 31 3 - 97 - 4 -" PP". ABX type absorption based upon ^ 
/.max In ethanol: 353 nm 

Synthesis Example 6 

a™*,, o ««*,. H N ^ (Cate . c ^ H 1.92%, H „ * 
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Synthesis Example 7 

Synthesis of 2-cyano-5-(3,4-dimethoxyphenyl)-2,4-pentadienoic acid (7) 

The desired compound (7) was obtained in the same manner as in Synthesis Example 1, except that 
2-(3,4-dimethoxyph ny1)-1 -formyl 1 -propenoic acid obtained from the reaction of 3,4-dimethoxy benzaldehyde 5 
and phosphorus trichloride. 
M.p.: 190°C 

Elemental analysis: C 64.700/o, H 5.150/0, N 5.62% (Calc. C 64.85%, H 5.06o/o, N 5.40%) 

Synthesis Examples 8 - 14 70 

The compounds (8) - (14) shown in Table 1 were synthesized from the corresponding aldehydes and methyl 
cyanoacetate in the manner described above. 

Table 1 

15 

Synthesis of Aromatic Derivative 



Com- 


Structure m.D. (°Cl X.max* 


pound 




No. 






Elemental analvsis fC H NUF' 




Found/C: Calcd) 


8 


p-N02-CeH4- 208 302nm 




CH-C(CN)- 




COOH 




F 54.91 2.93 12.80 / C 




55.05 2.75 12.84 


9 


P-CH3- 229 320nm 




O-C6H4- 




CH = C(CN)- 




COOH 




F 65.10 4.64 6.71 / C 65.02 4.96 6.89 


.... .... !CL 


H-CsH^ = B . . 210 _ , „295nm 




CH-C(CN)- 




CQOH 




F 69.58 4.36 8.03 / C 69.35 4.08 8.09 


11 


C 6 H S - 212 320nm 




CH=CH- 




CH = C(CN)- 




COOH 




F7^504.607.01 /C 72.34 4.56 7.04 


12 


CeHs- 238 360nm 




CH«CH- 




CH=CH- 




CH=C(CN)- 




COOH 




F 74.75 4.88 6.35 / C 74.64 4.93 6.22 


13 


m-CHa- 166 296nm 




O-CsKU- 




CH=C(CN)- 




COOH 




F 70.69 6.67 12.37 / C 




71.18 6.88 12.46 


14 


P-C10H21O- 82 




C 6 H 4 - 




CH-C(CN)- 




COOH 




F 73.55 8.55 4.15 / C 73.43 8.53 4.08 
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15 



complete of the reaction, an excess amount of an mS£xi££2^2£ und r, stirri "9- After 

obtam a viscous solid. The resultant solid was recSlli^T™ ~t ° Ut, ° n added *•*•««» «° 

melting point of 98 - 102°C ^crystallized from n-hexane to obtain the crystal having a 

well coincided. PP " ,0 " 9 CH ^ 30(1 CH3 " at 085 " 2-2 PP««, integrated intensity was 

Synthesis Example 16 

S C 6 J fe ° f f an S,t raaS ^""-^"-"ePtvU-^^tPdienoic acid M6 1 

an^ s: C 71*0*0, H ^M*^S?^T^^ 

20 Synthesis Example 17 

Synthesis of ^-cyano-a-fg -thienvD^-oroDenoic acid M71 

under safflng. Afl.r compute of tht rJcS^SS^,' 2^2" S « a>'0 for 9 houri 

/.max in ethanol: 335 nm d 817 ppm ' proton at P-positfon at 8.55 ppm 

Synthesis Example 1ft 



25 



30 



35 g^hesis of 2-cyano-3-(3-thienvn-2 -propenoic acid rim 

a™— C 53.7^. „ N ^ s ^ (0lto 0 ^ „ ^ ^ ^ g ^ 

40 Synthesis Example 19 

s ^! he ^l 2 ^ wr ^' fi> ' p y rro ' vl) - 2 - proDenoi< '- <™} 

stirring. Thereafter, hydrochloric add 2 333 S^SS^^T* 0 * 950(5 f ° r 30 hours 
solvent of ethanol/methanol to obtain the crvstel tain ~ d ^ recrvstalli2 ed from a mixed 

Element* analysis: C 59.34,0, H 3.^^ SSft 17 ^o, 

Synthesis Exam ple 9ft 

Synthesis of a-cyano-S-g-furyn ^ropenoic acid fgm 

^zz s r us i7 pot,nd 1205 was obtai - d *■ - ~ — as h a**** 17 , except that 

M.p.: 219°C 

S^STiJr 2 *' " " 6830/0 (Ca ' C - : ° 58 - 89 ° /o ' H 3.10* N 8.590/0, 
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Synthesis Example 21 



The melting point of the resultant compound was 220T =nw «, . . 
elemental analysis value and NMR spectrum. The Xmax *n ethanol was 368 n was co^ 1 ™^ by the 
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Synthesis Example 22 

Synthesis of 2-cyano-7-(2-furyl)-2,4,6-heptatriene-1-carboxylic acid (22) 

The desired compound (22) was prepared in the same manner as in Synthesis Example 21 except that the 
aldehyde obtained from the oxidation reaction with phosphorus oxytrichloride mentioned in Synthesis 5 
Example 3. The trans structure of the resultant was confirmed by an NMR spectrum. 

Synthesis Example 23 

Synthesis of 2-cyano-3-(3-indolyt)-2-propenoic acid (23) 10 

The desired compound (23) in the form of a paie yellow flake crystal was obtained at a yield of 33.5% in the 
same manner as in Synthesis Example 1 by using 21.34 g of indole 3-carboxyaldehyde, 9.47 g of sodium 
hydroxide and 23.46 g of methyl cyanoacetate. 
M.p.: 230°C 

Elemental analysis: C 68.330/o t H 3.770/o, N 13.29% (Calc,: C 67.92%, H 3.80<>/o, N 13.20%) 75 
Xmax in ethanol: 378 nm 

Evaluation method of intensity of second harmonic generation 

According to the method as described in S. K. Kurtz et a!, Journal of Applied Physics (J. Appl. Phys.) , Vol. 39, 
p. 3798 (published in 1968) , the generation of the second harmonic wave was measured for the powder of the 20 
compound of the present invention. As the incident ray source, a beam of 1 .06 u. of Nd:YAG laser (2 W/2 KHz 
pulse) was employed and irradiated on the powdery sample filled in a glass cell. The incident light was filtered 
by a filter and the green light generated at an incident angle of 55° from the normal direction was detected to 
obviate the effect from the strength of the incident light As the sample for Control, urea powder or 
m-nitroaniiine powder having a particle size of 50 to 90 jim, which was previously powdered, followed by 25 
sieving, was employed. Regarding the resistance to a laser beam, the laser beam was irradiated to the sample 
and the deformation in the appearance was visually observed. Generally, the determination of the principal 
characteristics was carried out at a non-focus point because the intensity of the laser beam was strong. 

Example 1 30 

A 2.39 g amount of the carboxylic acid compound (1) obtained in the Synthesis Example 1 was dissolved in 
150"mi of tetrahydrofuran and, to the resultant solution, 1.18 g of L-(-)-1 -(phenyl) ethyiamine was added under 
stirring. Momentarily, the precipitate was generated, which was filtered to recover 3.16 g of a reddish orange 
solid. The solid_was recrystajlized from ethanol/methanol mixture to obtain 2.16 g of needles. The elemental 
analysis value of this product was as follows. 35 
C: 72.70% (Calc. 172.09%), H: 6.68% (Calc. 1 6.95%), N: 11.63% (Calc. 1 11.56%) IR spectrum: carboxylate at 
2400 - 3200 cm" 1 

In the case of the carboxylic acid (1 ), the absorbance of the COOH group at 1673 cm" 1 was shifted to about 
1620 cm 1 to exhibit the generation of the salt formation. 

The NMR spectrum exhibited an absorbance by a methyl group at 2.95 ppm, benzene at 6.74 - 7.50 ppm. 40 
and methyl group of 1 -(phenyl)ethylamine at 1.50 ppm. The relative ratio of the methyl group absorbance 
intensity was 2:1 , indicating the formation of a salt of carboxylic acid/amine = 1:1. The equivalent molar ratio 
was also confirmed from the elemental analysis. The Xmax of this salt in ethanol was 420 nm, which was 
changed to the low wavelength side by 20 nm when compared with that of the corresponding carboxylic acid 
(1). The melting point was 188°C and the degree of the optical rotation [a]o at Na-D ray in methanol was -5° 45 
(c « 0.597). When the powder was irradiated by a 1.06 jt light of Nd-YAG laser, the intensity of the second 
harmonic generation was about 3 times of that of m-nitroaniline. 

Example 2 

The carboxylic acid (12) prepared in the Synthesis Example 12 was used to form a salt with 50 
L-(-)-i-(phenyl)ethylamine in a THF solution in the same manner as in Example 1. The crystals were 
precipitated with the elapse of time. The resultant crystal was recrystallized from a mixed solvent of 
methanol/ethanol to obtain a pale yellow crystal having a melting point of 172° C. 

The elemental analysis of the resultant crystal is C: 75.98%, H: 6.18%, and N: 8.06%, which was well 
coincided with the calculated value of C: 76.26%, H: 6,41%, and N: 8.09% in terms of a 1:1 salt of the 55 
carboxylic acid (12) and (phenyl) ethyiamine. 

IR spectrum showed broad carboxylate absorption at 2400 - 3200 cm -1 , and the absorption of COOH group 
at 1673 cm" 1 in the carboxylic acid (12) was shifted to about 1620 cm" 1 to reveal the formation of the salt. 

The NMR spectrum gave an integrated intensity suggesting the formation of carboxylic acid/amine of 1:1. 
The degree of the optical rotation {a]D at Na-D ray in methanol was +0.97 degree (c = 0.597). The ^max in 60 
ethanol of the resultant salt was 355 nm, which was changed to the low wavel ngth side by 5 nm when 
compared with that of the corresponding carboxylic acid. When the powder was irradiated by a 1 .06 u. light of 
Nd-YAG laser, the intensity of the second harmonic generation was about 1.8 times of that of m-nitroaniline. 



: a 1:1 salt of carboxylic acid (1) and 1 -(phenyl)«thytamine 
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Examples 3 - 12 

Table 2 
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11 

PEA 

2 

PEA 
9 

PEA 
10 
PEA 
13 

PEA 
5 
PEA 
9 4 
PEA 

10 8 
PEA 

11 23 
PEA 

12 20 
PEA 



6 



8 



147 


r* -7/1 Qon/st 


H:6.14°/o, 






M.o.oOv/0, 


177 


C:70.69O/ 0t 


H:6.670/ 0| 




(C:71.180/o, 


H:6.880/o, 


136 


C:69.960/o, 


H.*6.040/ 0l 




(C:70.340^, 


H:6^30/ 0) 


164 


C:72.820/ 0 , 


H:5.980/o, 




(C:74.450/ 0f 


H:6^60/o, 


149 


C:70.410/ Of 


H:6^30/ 0( 




(C:70.340/o, 


H:6^30/ 0l 


207 


C:67.740/o, 


H:6.120/ 0| 




(0:67.770*. 


H:6^70/ 0l 


176 


C:67.790/ 0l 


H:5.370/o, 




(C:67.430/o, 


H:5.370/ 0l 


154 


C:63.31o/o, 


H;4.787o/ 0i 




(C:63.700>b, 


H.7.940/0, 


175 


C:71.90o/o, 


H:5.640/o, 




(C;72.040yb, 


H:5.76o/o, 


150 


C:67.90o/o, 


H:5.640/o, 




(C:67.580/o, 


H:5.680/ Ol 



PEA: L-(-)-phenylethylamine 
(relative to m-nitroaniline (m-ISIA)) 



N: 8.770/0 
N; 8.74<Vb) 
N:12.37o/ 0 
N:12.46<Vb) 
N: 8.610/0 
N: 8.640/0) 
N: 9.58% 
N: 9.650/0) 
N: 8.620/0 
N: 8.620/o) 
N; 7.940/0 
N: 7.910/0) 
N; 8.210/0 
N: 8.280/oJ 
N: 12.250/0 
N:12.380/ 0 ) 
N:12.520/ 0 
N:12.610/o) 
N: 9.520/0 
N: 9.85Q/0) 



-2.01 
-0.33 
-0.88 
-0.73 



+2.35 



Xmax 


SHG 




genera- 




ting 




ability * 


325 nm 


1.2 


385 nm 


0.4 


320 nm 


0.3 


288 nm 


0.1 


285 nm 


0.3 


333 nm 


0.2 


337 nm 


0.3 


302 nm 


0.1 


358 nm 


0.1 


320 nm 


0.2 
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Example 13 

solid was filtered and recrystalteed t XtZXZ^ «t H " (a * aphth * )e W amine - ^ r «ultant 

Example 14 

tet^rS 1 was dissolved i„ 10 m, of 

recovered and washed thoroughly with tetrahvd iH^SSt *1 ett ^ mne ther *<>- The resultant solid was 
171°aThedegreefa] 0 oftheo^ the "*»* ^ving a melting point of 

was 421 nm. The maximum wave lengKa? aDoSlTv ? n S^° de9ree (c " <>«> and Xmax 
harmonic generation generating ^J^^S^^^^i °/ EXamp,e 1 " second 

- c« powder was exposedJo the -e^f^ 

Exa mples 15 - 19 

^^T^^Z^ «» — - * I* -d the second 

The results are shown in Table 3. 
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Table 3 



Exam 


Carboxylic 


Optically active 


SHG 




pie 


acid 


amine 


generating 
ability *1 


5 


15 


Synthesis 
Example 5 


1- Phenyt- 

2- methylethyl- 
amine 


15 




16 


Synthesis 
Example 7 


1-(Phe- 

nyljethyl- 

amine 


5.0 


in 


17 


Synthesis 


1-(a-naph- 


3.5 






Example 7 


thyl)ethylamine 






18 


Synthesis 
Example 5 


1-(Phe- 

nyljethyt- 

amine 


2.0 


19 


Synthesis 


1-Phenyt- 


2.5 






Example 5 


2-aminopro- 




20 






pane 





*1: Based on urea powder 



25 

Example 20 

A 1.54 g amount of the thiophene-containing carboxylic acid (17) obtained in Synthesis Example 17 was 
dissolved in 40 ml of tetrahydrofuran, followed by adding 1.46 g of optically active R-(-)-1-(phenyl)ethylamine. 
The precipitated solid was recovered and recrystailized from ethanol to obtain the crystal having a melting 
point of 171°C (decomposition). 30 

The elemental analysis values were C 63.85%, H 5.15%, N 9.30%, S 10.40%, which were well coincide with 
the calculated values, C63.970/o f H 5.380/o, N 9.33%, S 10.17% based upon a 1:1 amine salt of the carboxylic 
acid. The integrated intensity ratio cf the absorption peak of the carboxylic acid of Synthesis Example 17 and 
phenethylarnine from the NMR spectrum. The maximum absorption wavelength was 322 nm. When the second 
harmonic~generation was determined = after the crystal'was finely powdered; the^green emission having the * -35 
ability of about twice of that of urea was observed. 

Example 21 

A 1.51 g amount of the 3-substituted thiophene carboxylic acid (18) obtained in Synthesis Example 18 was 
dissolved in 20 ml of tetrahydrofuran, followed by adding 1 .20 g of R-(-)-1 -(phenyl)ethytamine. The precipitated 40 
solid was recovered and recrystailized from ethanol, after drying, to obtain the crystal having a melting point of 
171°C (decomposition). 

The elemental analysis values were C 63.820/o, H 5.07%, N: 9.31%, S 10.57<>/o ( which were well coincide with 
the calculated values, C 63.97%, H 5.38%, N 9.33%, S 10.17<>/o based upon a 1 :1 amine salt of the carboxylic 
acid. The integrated intensity ratio of the absorption peak of the carboxylic acid of Synthesis Example 18 and 45 
phenethylarnine from the NMR spectrum. The maximum absorption wavelength was 322 nm. The second 
harmonic generating ability of the crystal was 3 times of that of urea and the maximum absorption wavelength 
of the sample in ethanol was 322 nm. 

Example 22 SO 

A 0.99 g amount of the carboxylic acid (21) obtained in Synthesis Example 21 was dissolved in 40 ml of 
tetrahydrofuran, followed by adding 0.78 g of optical active R-(-)-1-(phenyl)ethytamine thereto. 

After n-hexane was then added, the precipitated solid was recovered. The solid was recrystailized from 
ethanol to obtain the crystal having a melting point of 121° C (decomposition). The elemental analysis data 
were C 69.55%, H 5.95%,' and N 9.00%, which was well coincided with the calculated values of the optically 55 
active amine salt of the synthesized carboxylic acid (21). The emission having an intensity of about 5 times of 
that of urea was observed by an Nd-YAG laser beam. The maximum absorption wavelength of the sample in 
ethanol was 350 nm. 

Example 23 60 
A 3.20 g amount of the carboxylic acid (12) obtained in Synthesis Example 12 was dissolved in 50 ml of 

t trahydrofuran, followed by adding 2.50 g of R-(-)-2-*mlno-1-butano1 thereto. 
The precipitation was momentarily generated and, after filtering, 3.00 g of yellow solid was recovered a 

mixed solvent of ethanol/methanol to obtain 2.1 g of the needle having a melting point f 187° C. The optical 

rotation degree in methanol with an Na-D ray was 16 degree. The maximum absorption of th sample in 65 
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Examples 24-42 

Table 4 



Exam 
pie 



Carboxylic 
acid 



24 

25 

26 
27 
28 

29 
30 
31 
32 

33 
34 

35 

36 

37 

38 
39 
40 

41 
42 



Optically 
active amine 
base 



SHG 
generating 
ability *1 



23 



2 
10 
2 

1 

12 

2 

10 
12 



1 - Amino 

2- propanoI 
2-Amino- 
1-butanol 



1- Amino- 

2- propanol 



4 
20 
20 

21 
19 



2-Amino- 

1- propanol 

2- Amino- 
Hp-nitro- 
phenyl)- 

l»3-rpropane., 
diol 

12 2-Dimethyl- 
amino-1-phe- 
nyl-1 -phenyl- 
1-benzyl- 

1- propanol 

2- Amino- 

1- butanol 

2- Amino- 
1-propanol 



17 
17 



2-Amino- 
1-butanol 



6.9 

1.8 
1.2 
30.0 

1.1 
26.0 
1.1 
0.5 

0.2 
0.7 



0.6 

3.0 

1.5 

1.3 
3.8 
5.0 

3.6 
3.2 



•1: Based upon urea powder 



55 



60 
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Example 43 

«nce of the pres nt sample against light was good. 
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Example 44 

The amine salt was formed in the same mann r as in Example 43, except that R-(-)-1-amino-2-propanol was 
used as the opticaliy active amine. The second harmonic generating ability of the resultant salt was about 4 
times of that of urea and the ability was not changed with the elapse of time. Thus, it has been observed that a s 
high resistance to the light damage was good. 

Example 45 

The salt was formed in the same manner as in Example 43, except that the dimethoxy compound (5) 
obtained in Synthetic Example 5 as the carboxylic acid. The emission capability of the resultant salt was not w 
changed when the sample was exposed to a laser beam for a long time. 

Example 46 

A 2.30 g amount of L-phenylalanine ethyl ester hydrochloride was suspended in 50 ml of ether, followed by 15 
adding thereto 0.96 g of triethyl amine and further 30 ml of water, ten ml of the supernatant ether phase was 
recovered and this solution was added to a previously prepared solution of 0.26 g of the above-mentioned 
carboxylic acid (1) in 6 ml of THF. The needles were obtained with the elapse of time. The decomposition of this 
crystal was 180° C. When the second harmonic generating ability of this crystal was determined, the intensity 
was about 15 times of that of urea. 20 

Example 47 

A 3.30 g amount of L-valine methyl ester hydrochloride was suspended in 50 ml of ether, followed by adding 
thereto 1 .89 g of triethyl amine to obtain an ether solution of the L-valine methyl ester. This solution was added 
to a solution of 0.12 g of the above-mentioned carboxylic acid (2) in 10 ml of THF to obtain the needles. When 25 
the second harmonic generating ability of the crystal powder was determined, the intensity was 3 times of that 
of urea. 

Examples 48-64 

The amine salts of a-amino acid esters of various carboxyltc acids were obtained in the same manner as in 30 
Examples 1 and 2 and the second harmonic generating abilities were determined. 
The results are shown in Table 5. 
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Table 5 



Exam Carboxyfic Optically SHG 
p,e ac,d active amine generating 
base ability *1 



48 10 L-Phenyl- 

alanine ethyl 



10 



ester 



49 12 

50 8 • 

51 10 " 

52 13 - 

15 fi 3 15 " 

54 19 • 

55 1 L-Valine 

methyl ester 

56 n - 

20 57 14 « 

58 12 * 

59 is - 

60 1 D-Phenylg|y- 
25 c »ne methyl 

ester 

61 9 ■ 

62 7 

63 1 a-N-Benzyol- 
30 L-aginine 



16 



10 
5 
7 
5 
4 
4 
12 

15 

4 
18 

3 
10 



5 
11 
8 



64 



ethyl ester 



35 



40 



-1: Based on urea 
Example 65 



"^0^0^^^ 
amine and 1.5 g of triethyl amine CSSf 1 20 ntf of d,oxane oontaWng 1.8 g of S+)-phenetm4 
- sa <^toa.arg e ^ 

Xmax in dioxane: 336 nm 
Example 66 

55 ^"^^^ « — ^ — il ,„ 

compound (11, with thTony SwS adde^uS* ' " ,m - P - ™" C) b V thermally treating the 

f;H-phenethyl amine and^ 

of water was added to the Lct^Zld^s^ " A " erC0 ^ ,etionoft ^ action, a large amount 

- ^rz^^ ss^rS-TS" were fi,tered - fo " owed * 

<R absorption spectrum: : N H gVo J^ C "J** H 6 - 150/ °. " 8.S3<%> 

and 1522 cm-t. 9™Pat3360cm , .-CNgro U pat2216cm-i.p reS enceofaminel.llat1649cm-t 

Amax in ethanol: 370 nm 
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' When the second harmonic generating ability of the crystal was determined, it was observed that the 
intensity was 1.1 times of urea and there are no substantial deformation after a long time irradiation of a laser 
beam. 

Example 67 5 

Synthesis of S-(-)1-(a-naphthyl) ethyl 2-cyano-7-phenyl-2 ) 4 T 6-hepta-triene-1-carboxamide (26) 

To a dry THF solution of an equivalent mixture of the compound (12) and S-(-)1-(a-naphthyl)ethylamine, 
dicyclohexylcarbo dllmide was added, followed by stirring for one night. The precipitated dicyclohexyl urea 
was recovered by filtration and the mother liquor was concentrated, followed by re crystallizing from a mixture 10 
of ethanol/methanol to obtain a white solid having a melting point of 100°C. 

IR absorption spectrum: -NH- group at 3360 cm** 1 , CN group of 2220 cm -1 , presence of amide I, II at 1650 cm" 1 
and 1522 cm" 1 

When the second harmonic generating ability of the crystal was determined, the intensity was 4 times of that 
of urea and there are no substantial deformation after a long time irradiation of a laser beam. 75 

Examples 68-72 

Various optically active amides shown in Table 6 were obtained from various carboxylic acid and optically 
active acid amide. 
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Claims 



1. An organic nonlinear optical substance 



having the formula (l):A +CR 1 = CH-f n 



CH= c -C-b (J) 



CN 0 

wherein R 1 represents -H or-CHa; 

nis 0,1, or 2; 

A represents Z 1 -Ar-, 




or 



<* 5 a II 



C C 
\ / 
X 



c - c 



wherein Ar represents a 6 - 14 membered aromatic group including a heterocycfic ring or bisphenylene 
type ring; Z 1 represents H- t R5R6N-, R 7 0. R 8 S-, NO, R 9 OCO, R 10 COO-, O2N-, R^R^NOO, 
R 13 CO(R 14 )N-, or R 15 -; Z 2 Z 3 , and Z 4 independently represent H-, a O-Cs alky]-, R 16 O t R 17 R^n! 
R 18 S-, 02N-, or two R 16 being, In combination, R 2Q CHC ; R 2 represents H- or a C1-C12 alkyl; R s to R 20 
independently represent H- t or a C1-C10 hydrocarbon residue; Z 5 independently represents H-, a Ci-Ce 
saturated hydrocarbon residue, O2N-, R 2 ^0, R 22 S- t NO or R 23 R 24 N-, wherein R 21 to R 24 independently 
represent H or a Ci-Ca saturated hydrocarbon residue; X represents -S~, -O, or >NR 2a ; r is 0 cr an 
integer of 1 to 3 ; and R 28 represents H or a hydrocarbon group having 1 to 8 carbon atoms; 
B represents -OH - Amine* where Amine represents an optically active amine; -NR 4 Y where R 4 represents 
-H or a single bond; Y represents (CH2) P CQ 1 Q 2 Q3 where p is 0 or 1 ; Q 1 , Q 2 , and Q 3 are different and 
represent -H, a C1-C5 altyl, phenyl, naphthyl, -OH, -CH 2 OH, -COOR 25 , -CNR 26 R 27 , a residue of an 
a-amino acid from which an amino group is removed, where R 2S to R 27 independently represent -H or 
-Ci-Ce hydrocarbon Tesidue; or -CQ 4 Q 5 Q 6 where Q 4 t Q 5 and Q 6 are different and Q 4 and Q 5 are as 
defined for Q 1 f Q 2 and Q 3 and Q 6 represents (CH2> q of which one bond is linked to the bond of R 4 where g 
is an integer of 1io4: - - «. _~ * « .- . ^-.^-.—^.--^ _ ^ 

2. An organic nonlinear optical, substance as claimed in claim 1, wherein in the formula (I), R 1 
represents H, Z 1 represents H-, R S R 6 N-, R 7 O t R 8 S-, NO, R 9 OCO, R 10 COO-, O2N-, R"R1 2 NOO, 
R 13 CO(R 14 )N- t or R 15 -, Ar represents an aromatic group having 5 to 14 carbon atoms, and B represents 
-OH • Amino*wherein Amine* represents an optically active amine selected from the group consisting of 

1- (phenyl)ethylamine, l-(a-naphthyl) ethylamine, 1-(phenyi)-2-(methyl)ethylamine, 1-phenyl-2-aminopro- 
pane, and brucine. 

3. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I), R 1 
represents H, Z 1 represents H-, R5R 8 N-, R 7 o, R 8 S-, NO, O2N-, R 9 OCO, R 10 COO, R t1 R 12 NOC, 
R 13 CO(R 14 )N-. or R 15 -, Ar represents an aromatic group having 6 to 14 carbon atoms, and B represents 
-OH- Amine* wherein Amine 'represents an optically active amine selected from the group consisting of 

2- amino-l-butanol, 1-amino-2-propanol, 2-amino-1-propanoI, 2-amino-1-(p-nitrophenyl)-1 ^-propanediol, 
2-dimethytamino-1-phenyl-1-benzyM-propanoi, and 1-(N,N-dimethylamino)-1-phenyl-propylamlne. 

4. An organic nonlinear optical substance as claimed in claim 1. wherein, in the formula (I), R 1 
represents H, A represents 



wherein one of Z 2 , Z 3 , and Z 4 represents H and the remainder independently represents O-Ooalkyl, 
R ie O-, R 17 R 18 N- f R 19 S, or 02N-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents a residue of an optically active amine selected from the group consisting of 2-amino-1-buta- 
nol, 1-amrno-2-propanol, 2-amino-1-propanol, 2-amino-1-(p-nitrophenyi)-1 1 3-propanediol l 2-dimethy- 
lamino-1-phenyl-1-benzy(-1-propanol,and1-(N,N-dimethylamino)-1-phenylpropylamine. 

5. An organic nonlinear optical substance as claimed in claim' 1, wherein, in the formula (I), R 1 
represents H, A r pr sents 
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10 



5 



■V 



wherein one of Z 2 73 an H 74 ~ 

e. An organic nonlinear optical substan^ «... , ^"vaiive 
representsH,Arepresents W SUbStanCe 35 cla ™* in clam lf fn ^ ^ ^ 

_5 



Z 4 / 



where one of Z 2 Z 3 and Z* r 

PoSfo/rr TO, ^ P ^ the remainder **• *. and 24 

mmmmmm 



c c 

X 



and B represents OH A * 
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5 



wherein one of Z 2 , 2 3 t and Z 4 represents H- and the remainder independently represents Ci-Cioalkyl, 
R 16 0-, R 17 R 18 N-, R 19 S, or 02N-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents -OH -Amine* wherein Amine* represents an optically active a-amino acids or the derivatives 
thereof. 
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© Organic nonlinear optical substance, 

© An organic nonlinear optical substance having the formula (I): 



A-f-CR =CH CH = C - C - B (I) 



I! 

CN O 



^ wherein R 1 represents -H or -CH 3 ; 
^ n is 0, 1 , or 2; 

A represents Z 1 -Ar, 



CD 

m 

CO 



a. 

LU 



c - c 



c c 

X 



wherein Ar represents a 6 - 14 membered aromatic group including a heterocyclic ring or bisphenylene type 
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ring; T represents H-, R 5 R 6 N- t R?0-, R*S- NC- Rsorn Riornn r> m 

*. Z3. and 2- independently represent H ."a C," C 8 R^ R"r"n ^T^"^'**-- ° r 
combination. R»CH : R* represents H- or a C.-C, Srs to R» h ^ * ' 0r tW ° R ^ in 

hydrocarbon residue; 2* independently represents H a c r ... '"f! P r den,,y re P resent H "- or a C,-C 10 



independently represent -H or -C.-C, Hydrocarbon^ rSle^ -C^S ™<?%* T^J^ » 

and Q *® as defined for Q\ Q2 and Q3 and 0 s represent ' are d,fferent and 

-f CH 2*q 

of which one bond is linked to the bond of R 4 where q an integer of 1 to 4. 
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